There have been over 5,600,000 confirmed cases of coronavirus disease (COVID-19) and 355,000 deaths worldwide to date (27 May 2020).[@CR1] There is concern that viral transmission may occur from patients exhibiting no symptoms, which might pose a risk to healthcare workers (HCWs). In this review, we summarize the available evidence on the risk of asymptomatic spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) to HCWs, particularly in locations such as the operating room where aerosol-generating procedures (AGPs) are routinely performed.

Historical context {#Sec1}
==================

Severe acute respiratory syndrome coronavirus 2 is not the first pathogenic coronavirus to jump from its animal host to humans. Of the seven known human coronaviruses, four cause mild symptoms similar to the common cold and three others can cause severe illness in humans.[@CR2] Severe acute respiratory syndrome (caused by SARS-CoV), Middle East respiratory syndrome (caused by MERS CoV) and COVID-19 (caused by SARS-CoV-2) all result from highly transmissible viruses whose natural reservoir is in bats. Several factors are associated with pathogen spillover from animal hosts to humans and establishment of sustained spread in humans, such as changes in human behaviour, new technologies and industry, changes in land use, increased international travel, microbial adaptation, inadequate public health measures, and sharing our environment with domestic or wild animals.[@CR3],[@CR4] Given that these factors are unlikely to change, we can expect to see more outbreaks of emerging infectious diseases in the future.[@CR5]

SARS-CoV-2 mechanism and timing of infection {#Sec2}
============================================

Respiratory viruses, like SARS-Cov-2, are known to spread by direct contact, such as touching an infected person or a surface infected with virus-containing droplets expelled by an infected person.[@CR6] Current recommendations to prevent the spread of SARS-CoV-2, such as frequent hand washing and keeping at least a 2-m distance, would be effective with droplet-borne transmission. Recommendations to practice good hand hygiene, physical distancing, and isolation of infected patients to prevent transmission are common across respiratory viruses and organizational guidelines. There has been controversy, even before the emergence of SARS-CoV-2, over whether respiratory viruses, including coronaviruses (e.g., MERS), can effectively spread via the airborne route and whether contact and droplet precautions are sufficient to prevent transmission.[@CR7] The World Health Organization (WHO) recommends droplet and contact precautions for avian influenza and MERS, while the Centers for Disease Control and Prevention takes a more conservative approach, recommending airborne precuations.[@CR7] The WHO does recommend additional airborne precautions for novel acute respiratory viruses until transmission patterns can be observed. There is some evidence that SARS-CoV-2 can spread via aerosols, with virus particles found at distances \> 2 m from the source for up to three hours.[@CR8]-[@CR10] The infectivity of these viral particles, however, remains to be determined.

The median incubation period for SARS-CoV-2 has been estimated to be 5.1 days, with 97.5% of patients developing symptoms within 11.5 days, which is similar to SARS-CoV.[@CR11] The upper end of this incubation period forms the rationale for public health recommendations to self-isolate for 14-days after exposure. Several studies have shown that viral loads are highest shortly after symptom onset, gradually decreasing over the ensuing 21 days.[@CR12]-[@CR14] Longer periods of viral shedding (up to 30 days) have also been reported.[@CR15]

Evidence of asymptomatic/pre-symptomatic carriers {#Sec3}
=================================================

The prevalence of asymptomatic (never develops symptoms) or pre-symptomatic (tests positive prior to symptom development) illness has been documented in several populations. Among 565 Japanese nationals evacuated from Wuhan, China and tested for SARS-CoV-2 by real time reverse transcriptase polymerase chain reaction (RT-PCR), 13 tested positive with four (30.8%; 95% confidence interval \[CI\], 7.7 to 53.8) asymptomatic at the time of testing.[@CR16] Of the 3,063 passengers on board the quarantined Diamond Princess Cruise ship who were tested for SARS-CoV-2, 17.9% of those who tested positive were asymptomatic (95% CI, 15.5 to 20.2).[@CR17] Residents of a long-term skilled nursing facility with an early outbreak of COVID-19 were all screened for symptoms of illness and viral RNA. Of the 76/82 (93%) residents tested, 23 tested positive of which 13 (57%) were categorized as asymptomatic at the time of testing.[@CR18] Seven days later, ten out 13 previously asymptomatic residents developed symptoms and were reclassified as pre-symptomatic during testing. Twenty-four asymptomatic patients in Nanjing, China were characterized after testing positive through screening of close contacts. During hospitalized follow-up, five (20.8%) developed symptoms, 17 (70.8%) showed abnormal computed tomography (CT) scans, and seven (29.2%) had normal CT scans and did not develop symptoms.[@CR19] Both targeted testing for SARS-CoV-2 in high-risk Icelandic residents and general Icelandic population screening for SARS-CoV-2 showed asymptomatic patients that tested positive for SARS-CoV-2. In the 1,924 targeted-testing group, 7% had no symptoms, while in the population screening group, 43% of 10,797 Icelandic residents testing positive for the virus reported having no symptoms at the time of testing.[@CR20]

The available evidence across a range of populations indicates that asymptomatic and pre-symptomatic patients can test positive for SARS-CoV-2 at rates ranging from 17.9% to 57% of those who test positive showing no symptoms. Nevertheless, the overall prevalence of asymptomatic carriers will depend on the distribution and how widespread the disease is in a given population. For example, in the Icelandic population, where less than 1% of the population was positive for SARS-CoV-2 (and 43% of them reporting no symptoms) at the time of screening, the point prevalence of asymptomatic cases was 0.34%.[@CR20] In contrast, in a highly infected environment like the Diamond Princess cruise ship where 20% of passengers eventually tested positive, 10% of all passengers and crew were asymptomatic at the time of testing.[@CR17]

In a study of SARS-CoV-2 upper respiratory viral loads in 18 patients, one asymptomatic patient was included because of close contact with an infected patient. The viral load that was detected in the asymptomatic patient was similar to that in the symptomatic patients, which suggests the transmission potential of asymptomatic or minimally symptomatic patients.[@CR21]

Cases of asymptomatic transmission {#Sec4}
==================================

While symptomatic disease is frequently associated with infectivity, there is speculation that for SARS-CoV-2, the latent period (time from exposure to onset of infectiousness) may be shorter than the incubation period (time from exposure to onset of symptoms), leaving a window of time when the patient is infectious but not yet exhibiting symptoms. This is supported by a study of viral loads in Chinese patients, which indicated that pre-symptomatic viral transmission likely occurred.[@CR13] Using data from infector-infectee pairs, the authors estimated that viral transmission may have occurred two to three days prior to symptom onset in up to 44% of patients, indicating a transmission pattern more similar to seasonal influenza than SARS-CoV. Of the 157 locally acquired infections identified in Singapore, ten secondary cases (6.4%) were likely acquired prior to the development of symptoms in the index cases. Infections happened on average one to three days before symptom onset in the index cases.[@CR22] A familial cluster was identified in Anyang, China where one asymptomatic carrier never developed symptoms but tested positive for the virus, and likely infected five family members.[@CR23] In a point-prevalence survey of a skilled nursing facility in King County, Washington, 27 out of 48 (56%) with positive tests were asymptomatic at the time of testing. Given an estimated doubling time of 3.4 days (95% CI, 2.5 to 5.3) in that facility, viral shedding from asymptomatic or pre-symptomatic residents likely contributed to early transmission to other residents and staff members.[@CR24]

Infection of HCWs {#Sec5}
=================

Healthcare workers are at increased risk for infection through occupational exposure to pathogens such as bacteria, fungi, viruses, and parasites.[@CR25] Healthcare providers have been affected by SARS-CoV-2, with high reported rates of infection[@CR26] and death[@CR27] in the UK, although it is unclear how much nosocomial transmission occurred since frontline staff tested positive at similar rates to non-clinical staff and deaths were not reported in ICU HCWs, possibly indicating that current infection control practices in the UK have been effective in limiting occupationally acquired HCW infection. Nevertheless, HCWs have been found to be at higher risk for infection with respiratory pathogens in other settings, particularly those who perform AGPs.[@CR28],[@CR29] A systematic review showed that, compared with healthcare workers who did not perform aerosol-generating procedures, those who performed tracheal intubation had an increased risk of contracting SARS-CoV in the 2003 epidemic (odds ratio, 6.6) than those who performed non-invasive ventilation (odds ratio, 3.1), tracheotomy (odds ratio, 4.2), and manual ventilation before intubation (odds ratio, 2.8).[@CR29] Nevertheless, the authors note very low quality in all included studies, study designs subject to recall bias, and few clear reports of personal protective equipment (PPE) compliance. Low numbers of exposed HCWs also limit the generalizability of the study---in the meta-analysis for risk of HCW infection after tracheal intubation, two of the four included studies had five or fewer HCWs in the exposed group. A separate study found that the protection guidelines failed to thoroughly prevent the transmission of SARS-CoV to HCWs in 2003 and that 9% of the interviewed healthcare workers who had intubated patients contracted SARS. Nevertheless, the cause-effect relationship between infection and intubation in these healthcare workers who contracted SARS was unknown.[@CR30]

Techniques to minimize risk to HCWs in the operating room {#Sec6}
=========================================================

Since asymptomatic transmission is possible with SARS-CoV-2, and HCWs are at risk of infection, techniques to minimize risk in the operating room are needed. Current tests for SARS-CoV-2 are not sensitive enough to eliminate the possibility of asymptomatic carriers entering the operating room. Therefore, other strategies, such as risk reduction through the hierarchy of controls model[@CR31] can be employed (see Figure [1](#Fig1){ref-type="fig"}). Strategies include delaying elective surgery in patients at high risk for infection, substituting regional anesthesia for AGPs when appropriate, reducing aerosolization, clearing aerosols, and providing appropriate PPE for HCWs.Figure 1Examples of controlling exposure to COVID-19 in the operating room using the Centers for Disease Control and Prevention Hierarchy of Controls model[@CR31] to implement feasible and effective control strategies to protect healthcare workers from occupational risk. Control methods at the top are potentially more effective and protective.

Preoperative testing {#Sec7}
====================

The American Society of Anesthesiologists (ASA) and Anesthesia Patient Safety Foundation jointly recommend preoperative testing of all elective surgery patients where there is SARS-CoV-2 in the region.[@CR32] Patients testing positive should be delayed for non-urgent surgery. They caution, however, that the low sensitivity of viral PCR tests means that up to 30% of patients may falsely test negative. Therefore, regardless of a negative test, additional risk-reduction strategies are indicated, including airborne PPE when an AGP is planned.

Reducing aerosolization {#Sec8}
=======================

Aerosol-generating procedures, such as intubation and mask ventilation, are thought to create small airborne particles that can be suspended in air and travel long distances.[@CR33] Under the assumption that asymptomatic and pre-symptomatic patients carrying SARS-CoV-2 have the ability to generate aerosolized virus particles capable of transmission to HCWs during AGPs, there may be ways to reduce the risk of aerosolization. These techniques include avoiding mask ventilation if possible, reducing oxygen flows, having a good seal with the face mask through use of a thenar eminence **("**VE") grip, and ensuring profound paralysis prior to airway instrumentation.[@CR34] Aerosolization risk from coughing during extubation can be minimized with lidocaine, dexmedetomidine, remifentanil, and fentanyl.[@CR35]

Innovative barrier techniques, such as plastic cube boxes, screens, and tents, to reduce aerosolization during airway management of patients with COVID-19 have been described, but further research is required to prove efficacy or recommend routine use for asymptomatic patients, particularly if they hinder timely airway management, as has recently been shown in a simulation study.[@CR36]-[@CR38]

Operating room ventilation and clearance of aerosols {#Sec9}
====================================================

Severe acute respiratory syndrome and MERS investigations found airborne disease transmission through inefficient hospital ward ventilation systems.[@CR39] Fortunately, most operating rooms, owing to their design in protection of the surgical site, have air exchange rates that adequately minimize deposition and floating time of respiratory virus particles (at least 9 per hour).[@CR40] Operating room workers should know their local air exchange rates to determine when aerosolized particles are likely to have been cleared, thus reducing the risk of viral transmission to new members of the operating room team entering the room after an AGP has been performed.[@CR41]

Recommended PPE {#Sec10}
===============

While PPE is important, it is only one of the protective measures used to protect HCWs managing airways.[@CR42] Early in an epidemic, before viral transmission routes have been well characterized, PPE recommendations for HCWs can be chaotic and evolving.[@CR43] During the 2003 SARS epidemic, most virus transmission to HCWs occurred before PPE was routine, or was associated with PPE breaches. Once the epidemic subsided, the dangers of excessive PPE recommendations (e.g., increased contamination during doffing) were recognized, as well as several instances where droplet precautions were effective in preventing transmission, even in settings where intubations occurred.[@CR43] Since transmission of SARS-CoV-2 from asymptomatic patients to HCWs has not been reported, there is no clear evidence-based recommendation for appropriate PPE in this setting. Evidence that AGPs actually increase airborne HCW transmission is limited[@CR44] and it is uncertain whether N95 masks offer better protection over surgical masks.[@CR45],[@CR46] Regardless of choice of PPE, adequate training in donning and doffing is essential for ensuring both effectiveness and reducing the risk of self-contamination.[@CR47]

The ASA recommends the use of airborne PPE for all airway-related AGPs because asymptomatic patients may be harbouring SARS-CoV-2.[@CR48] In contrast, the United Kingdom Association of Anaesthetists does not specifically recommend N95 masks for asymptomatic patients, although they acknowledge that as population disease burden increases, it might become necessary to treat all patients as high-risk because of the threat of asymptomatic viral transmission.[@CR49],[@CR50]

Conclusions {#Sec11}
===========

There is evidence of asymptomatic and pre-symptomatic carriers of the SARS-CoV-2. While transmission from asymptomatic patients to close contacts has been reported, there have been no reports of asymptomatic patients infecting HCWs during AGPs. The risk that an asymptomatic patient poses to operating room HCWs during AGP will depend on local disease burden.

As health systems begin to consider resuming elective surgery, safely navigating AGPs in those who are asymptomatic will be imperative. Identifying asymptomatic patients who may be infectious using imperfect tests, and maintaining operating room safety for patients and providers, all while avoiding PPE shortages, are some of the challenges faced by health systems around the world. There is still much we do not understand about asymptomatic viral transmission and until more is known, a precautionary approach may expose clinicians to lower risk of infection. Further research on the risk of asymptomatic spread of SARS-CoV-2 and appropriate measures to mitigate this risk, particularly during AGPs, is urgently needed.
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